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Abstract
Background: Self-reported knee complaints may vary with age and gender. Reference data from
the adult population would help to better interpret the outcome of interventions due to knee
complaints. The objectives of the present study were to describe the variation of self-reported
knee pain, function and quality of life with age and gender in the adult population and to establish
population-based reference data for the Knee injury and Osteoarthritis Outcome Score (KOOS).
Methods: Population-based cohort retrieved from the national population register. The knee-
specific Knee injury and Osteoarthritis Outcome Score (KOOS) was mailed to 840 subjects aged
18–84 yrs.
Results:  68% response rate. Women in the age group 55–74 reported more knee-related
complaints in all the KOOS subscales than age-matched men. The differences were significant for
the subscales Pain (p = 0.027), Symptoms (p = 0.003) and ADL function (p = 0.046).
In men, worse ADL and Sport and Recreation function was seen in the oldest age group 75–84 years
compared to the younger age groups (p < 0.030). In women, worse Pain (p < 0.007), ADL (p <
0.030), Sport and Recreation (p < 0.001) and QOL (p < 0.002) were seen already in the age group
55–74 compared to the younger age groups.
Conclusion: We found pain and other symptoms, physical function, and knee-related quality of
life to vary with age and gender implying the use of age- and gender matched reference values for
improved understanding of the outcome after interventions due to knee injury and knee OA.
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Background
Disability of the knee is a common problem across the
population. In most population-based epidemiological
studies singe-item questions are used to estimate the prev-
alence of knee pain. To assess the outcome of interven-
tions due to knee injury and knee osteoarthritis however,
the use of multi-item knee-specific outcome measures giv-
ing a broader picture of the clinical status is recommended
[1,2]. One such instrument is the Knee injury and Oste-
oarthritis Outcome Score (KOOS) which has been vali-
dated for anterior cruciate ligament reconstruction [3],
meniscectomy [4] and total knee replacement [5], proce-
dures performed in different age groups of the adult pop-
ulation. Several studies using other knee-specific outcome
scores have shown that the average score for a control
group rarely is equivalent to the best possible score and
also indicated differences due to age and gender [6-8].
Thus, it is essential to establish reference data from the
general population to determine the influence of demo-
graphic factors such as age and gender on the perceived
self-reported knee status of patients, and consequently
better determine the true impact of treatment strategies.
There is a paucity of studies that investigate knee pain,
knee function and knee-related quality of life across the
adult population. Population based studies have this far
focused on adults older than 50 years [7-9].
The objective of the present study was to investigate the
variation of self-reported knee pain, function and quality
of life with age and gender in the adult population and to
establish population-based reference data for the Knee
injury and Osteoarthritis Outcome Score (KOOS).
Methods
Design and data collection
A population-based sample was randomly chosen from
the National Population Records for the region Skåne of
Southern Sweden. All persons in Sweden are registered in
the National Population Records which is updated every
six weeks. Skåne holds approximately 1/9 of the Swedish
population and include both urban and rural communi-
ties. A simple sampling method was used and the Knee
Injury and Osteoarthritis Outcome Score (KOOS) was
sent to 840 persons aged 18–84 years. Each of 7 age
groups (18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75–
84) consisted of 60 men and 60 women. The number cho-
sen (60 men+60 women/10 year stratum) was based on
experience from clinical studies using the KOOS where a
clinically significant difference often is set to 10 points
and standard deviations in the magnitude of 10-15-20
have been seen in different populations and at different
time points following interventions. To find a clinically
significant difference of 10 points (SD 20, p = 0.05, 80%
power) between men and women within an age stratum,
totally 120 subjects would be needed (60 M+60W).
No other characteristics besides age and gender were
obtained. The KOOS questionnaire was mailed together
with a covering letter explaining the purpose of the study,
and a prepaid return envelope. The non-responders were
reminded twice with the same covering letter as the first
time and a new KOOS questionnaire and a new prepaid
return envelope. The Research Ethics Committee at the
Faculty of Medicine, Lund University, Sweden approved
the study (LU 600–00).
Questionnaire
Knee-specific complaints were obtained by the Swedish
version LK 1.0 of the Knee Injury and Osteoarthritis Out-
come Score (KOOS) [4]. The KOOS is a 42-item self-
administered knee-specific questionnaire assessing pain
(9 items), symptoms (7 items), activities of daily living
(17 items), sport and recreation function (5 items) and
knee-related quality of life (4 items) in five separate sub-
scales (for the KOOS questionnaire see Additional file: 1).
Each item is responded to by marking one of five response
options on a Likert scale. The WOMAC LK 3.0 [10] items
are included in the first three KOOS subscales. KOOS has
been validated for short- and long-term follow-up studies
of knee injury and OA [3-5]. KOOS was considered relia-
ble and responsive for assessment of knee complaints in a
recent comparative review of knee-specific outcome meas-
ures [11].
KOOS scoring
All items were scored from 0 to 4 and summed. Raw scores
were then transformed to a 0 to 100 scale where 100 rep-
resent the best result. A separate score was calculated for
each of the five subscales. In accordance with the users
guide [12], if the number of missing items was less than
or equalled 2 in a subscale they were substituted by the
average item value for that subscale. If more than two
items of the subscale were omitted the response was con-
sidered invalid and no subscale score was calculated.
Statistical analysis
The statistical analysis was performed with SPSS for Win-
dows 12.0 software package (SPSS Inc., Chicago, IL, USA).
To increase power and minimize the number of compari-
sons made, the originally 7 age groups were collapsed into
4 age groups (18–34, 35–54, 55–74, and 75–84) when
testing for differences due to gender and age. Parametric
methods were used. Some of the data is not normally dis-
tributed, but the sample size in each group is large enough
to apply the central limit theorem which gives normally
distributed sample means. Analysis of variance and Stu-
dents' t-test with Bonferroni correction was used because
of multiple comparisons.BMC Musculoskeletal Disorders 2006, 7:38 http://www.biomedcentral.com/1471-2474/7/38
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Results
568 subjects (68%) responded to the questionnaire. For
29 persons, more than 2 items were missing for all sub-
scales and no scores could be calculated. Scores for at least
one subscale could thus be calculated for 539 subjects or
64% (65% for women and 63% for men), Figure 1. The
number of subjects who responded varied with age. 54%
responded in the youngest age group and 60% in the old-
est one. The highest response rate (73%) was observed
among those aged 65–74. Only in that age group did men
respond more frequently than women (82% vs. 65%).
Gender-related differences
Women in the age group 55–74 reported more knee-
related complaints in all the KOOS subscales than age-
matched men, Table 1 and Figure 2. The differences were
significant for the subscales Pain (p = 0.027), Symptoms (p
= 0.003) and ADL function (p = 0.046).
Age-related differences
Age-related differences were studied separately in men
and women. In men, more difficulty was seen in the old-
est age group 75–84 years compared to all the younger age
groups for ADL function (p < 0.025), Sport and Recreation
Flow chart that details the study procedure and formation of the patient cohort Figure 1
Flow chart that details the study procedure and formation of the patient cohort.
Randomly chosen subjects 
N=840
(420 men and 420 women)
Responders to the survey 
N=568
(274 men and 294 women)
Non-responders 
N=272
More than 2 items missing in each subscale 
N=29
Those who responded properly (at least one subscale) 
N=539
(263 men and 276 women)
responders pain
N=533 
responders
symptoms
N=538 
responders ADL
N=536 
responders
sports/rec 
N=531 
responders QOL
N=533 BMC Musculoskeletal Disorders 2006, 7:38 http://www.biomedcentral.com/1471-2474/7/38
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function (p < 0.030). For QOL more difficulty was seen in
the oldest age group 75–84 years compared to the young-
est age group 18–34, p = 0.045, Table 1 and Figure 2.
In women, the age group 55–74 years reported worse out-
come compared to both the younger age groups in Pain (p
< 0.007), ADL (p < 0.030), Sport and Recreation (p < 0.001)
and QOL (p < 0.002). Women in the oldest age group 75–
84 years reported worse outcome compared to the young-
est women aged 18–34 in ADL function, and compared to
both the younger age groups in Sport and Recreation func-
tion (p < 0.001).
Discussion
To our knowledge this work is the first to evaluate the dis-
tribution and severity of knee complaints across the whole
adult population as measured with a knee-specific out-
comes measure. In the population, severity of clinically
relevant knee complaints varies with age and gender.
Knee pain is common. In a study assessing general musc-
uloskeletal pain, the 12-month prevalence of knee pain in
the Dutch population 25 years old and over has been
reported to be 21.9% [13]. Less is known of the functional
limitations that may result from knee pain. In a British
population sample aged 50 and over Jinks et al. found the
12-month period prevalence of all knee pain to be 47%
[7]. In the same sample they also, by the use of a knee-spe-
cific questionnaire, found that 14% reported severe knee
pain, 20% reported severe difficulty with at least one area
of functioning and 12% reported both, indicating the
importance of evaluating both function and pain.
We found functional difficulties to increase with age, sup-
porting previous studies in the population and in knee
Table 1: Age-specific KOOS scores given as mean, standard deviation, median, (95%CI of the mean) for men (M) and women (W).
KOOS 
subscales
Mean score, SD, median (95%CI of the mean) in different groups
18–34 35–54 55–74 75–84
MWMWMWMW
Pain N = 60 N = 74 N = 78 N = 80 N = 88 N = 85 N = 34 N = 33
92.2 92.1 87.4 88.8 87.7 78.6 83.5 87.1
11.2 14.0 17.9 18.7 17.4 25.5 23.3 18.2
97.2 97.2 97.2 97.2 97.2 91.7 94.4 96.9
(89.8–95.6) (88.8–95.3) (83.4–91.5) (84.6–93.0) (84.0–91.4) (73.1–84.1) (75.3–91.6) (80.6–93.5)
Symptoms N = 60 N = 74 N = 78 N = 82 N = 88 N = 85 N = 36 N = 34
87.2 89.1 86.5 89.5 88.4 77.1 83.7 88.1
13.9 13.5 16.7 14.6 17.3 24.8 19.0 14.2
92.9 92.9 92.9 95.8 96.4 85.7 87.5 94.6
(83.6–90.8) (86.0–92.2) (82.7–90.2) (86.2–92.7) (84.8–92.1) (71.7–82.4) (77.3–90.1) (83.1–93.0)
ADL N = 60 N = 74 N = 78 N = 80 N = 88 N = 85 N = 36 N = 34
94.2 95.2 89.1 88.6 86.3 77.4 76.1 82.7
10.0 11.6 17.6 19.7 18.8 26.2 24.8 19.5
100 100 100 98.5 97.1 91.2 83.1 91.9
(91.6–96.7) (92.5–97.8) (85.1–93.1) (84.2–92.9) (82.3–90.3) (78.8–83.1) (67.7–84.5) (75.9–89.6)
Sport/Rec N = 60 N = 74 N = 76 N = 80 N = 87 N = 84 N = 35 N = 34
85.1 86.4 76.0 79.3 72.6 61.0 56.3 55.9
20.8 21.1 29.5 27.7 29.9 36.9 34.7 37.3
92.5 95.0 87.5 90.0 80 70.0 55.0 62.5
(79.7–90.5) (81.5–91.3) (69.2–82.7) (73.1–85.4) (66.2–78.9) (53.0–69.0) (44.4–68.3) (42.9–68.9)
QOL N = 59 N = 74 N = 78 N = 80 N = 88 N = 85 N = 35 N = 33
85.3 83.6 77.7 83.4 78.9 68.6 71.1 75.4
19.2 20.2 25.4 22.0 25.4 31.4 29.0 26.9
93.8 87.5 87.5 93.8 87.5 75.0 75.0 83.3
(80.3–90.3) (78.9–88.3) (72.0–83.5) (78.5–88.3) (73.5–84.3) (61.8–75.4) (61.1–81.0) (65.9–85.0)BMC Musculoskeletal Disorders 2006, 7:38 http://www.biomedcentral.com/1471-2474/7/38
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Mean KOOS scores of the subscales pain, symptoms, activities of daily living, sports/recreation, and quality of life for men and  women in different age groups Figure 2
Mean KOOS scores of the subscales pain, symptoms, activities of daily living, sports/recreation, and quality of life for men and 
women in different age groups.
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patients [7-9,14,15]. A strength of our study is that we
obtained data from adult subjects of a wide age range and
thus could see that the previously noted deterioration in
knee function in elderly is gradual during the whole adult
life. Previous studies on knee pain and knee function in
the population and in knee patients have focused on
those over 50 years of age and have thus not been able to
study these aspects [7-9,14,15].
The decline in function with older age groups was more
apparent for the subscale Sport and recreation function
compared to the subscale ADL function (Fig. 2). The sub-
scale Sport and Recreation Function holds items repre-
senting more difficult lower extremity functions not
required for activities of daily living as defined by the
items of the KOOS subscale ADL. The Sport and Recrea-
tion subscale is thus more sensitive to reduction of lower
extremity function, something frequently seen in clinical
studies [16-19]. It has however been shown that these
items are relevant for every other person undergoing Total
Knee Replacement (mean age 71), indicating the rele-
vance of this subscale also for older age groups [5].
The variation seen with age and gender may be due to
both knee-specific and generic factors. A limitation of our
study is that no data was collected on knee disease or gen-
eral health status making it difficult to further explore the
reasons for the variation seen. The prevalence of radio-
graphic signs of OA increases with age which may partly
explain our findings [20,21]. It is however unlikely that
our results are explained by knee pathology only. In the
population, musculoskeletal pain is more common in
women than men [13]. Sex hormones, as well as psycho-
social factors, are related to increased perception of pain
in women compared to men [22]. The dramatically worse
knee-related outcomes seen in our study in women in the
age group 55–64 compared to women in the age group
45–54 may thus be related to menopause which occurs at
a mean of 51.5 years [23].
Knee pain may also be part of a more widespread pain
syndrome. The prevalence of widespread pain is clearly
related to age with a significant increase in subjects over
50 years of age [24]. In a population study, long-standing
knee pain in women was more often part of a widespread
pain syndrome than knee pain in men (68% vs. 40%)
[25]. In future studies, and in the clinic, it may be of value
to assess the subject's total body pain in order to separate
subjects with knee pain only from those where knee pain
is part of a widespread pain syndrome.
The generally better knee status seen in women in the old-
est age group (75–84) may support the role of both knee
pathology and widespread pain as explanatory factors for
the variation seen with age in women. The dominating
knee pathology at this age is osteoarthritis. Knee replace-
ment is the most effective treatment in reducing pain due
to osteoarthritis, and about 90% report satisfactory pain
relief [26]. According to the Swedish Knee Register's
Annual Report from 2004 [27], the prevalence of total
knee replacement is highest at 80 years and it can be esti-
mated that every twentieth Swedish woman at age 80 has
a knee replacement. In a population study, the prevalence
of chronic widespread pain in women was highest at age
60–64 and then dropped with increasing age [25], indicat-
ing that factors not related to the knee may also contribute
to the generally better knee status seen in women in the
oldest age group.
We had a response rate in this study of 68% which is com-
parable to others [7,28]. A low response rate can also bias
the overall results of pain prevalence estimates since peo-
ple with chronic pain are more likely to respond [25].
Also, it has been shown that subjects with a previous his-
tory of knee problems have a tendency to respond to med-
ical surveys more readily than those without [29]. The
variation in response rate with age and gender could be a
consequence of these two issues. The supposed higher
incidence of chronic pain and previous knee problems
amongst responders could lead to an overall overestima-
tion of reported problems, but only to a minor extent
affect the comparisons that the conclusions are based on.
When performing the a priori power calculation we did
not calculate with non-responders. Correctly, we should
have calculated with 35–50% non-responders and thus
included 35–50% more subjects into the study to, with
sufficient power, detect differences between genders
within each 10 year age stratum. To deal with this short-
coming, we collapsed the original 7 age strata into 4 wider
age strata for analysis of differences due to age and gender.
The reference data in this study is based on the response
of 539 adult men and women. Increased precision of the
confidence intervals of the means would require more
subjects. The KOOS can to some extent be compared to
the generic outcome measure SF-36, both instruments are
scored on a 0–100 worst to best scale and the SF-36 holds
subscales like Physical Function and Bodily Pain corre-
sponding well to the KOOS subscales ADL and Pain. The
Swedish normative data for the SF-36 is based on 8.930
persons [30]. For comparison, the 95% confidence inter-
val for the mean of the SF-36 subscale Physical Function
of women aged 20–24 (n = 889) is 1.6 points and for
women aged 75–79 (n = 150) 10 points. For the compa-
rable KOOS subscale ADL the 95% confidence interval of
the mean for women aged 18–24 (n = 36) was 4.7 points
and for women aged 75–84 (n = 34) 13.7 points. It can
thus be estimated that at least a 10-fold larger population-
based study sample than in the current study is required
to decrease the confidence intervals for the KOOS sub-
scale significantly. It should be a matter of discussion ifBMC Musculoskeletal Disorders 2006, 7:38 http://www.biomedcentral.com/1471-2474/7/38
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this precision would improve interpretation of results in
clinical studies.
Conclusion
We found pain, physical function and knee-related qual-
ity of life to vary with age and gender implying the use of
age- and gender matched reference values for improved
understanding of the outcome after interventions due to
knee injury and knee OA.
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